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ABSTRACT: 

PROBLEM TO BE SOLVED: To dispense with the necessity of an 
antiferromagnetic(AFM) layer in a sensor, to make realizable doubling of read 
signals and an operation in a differential mode showing high symmetry, and to 
make achievable a high reading performance. 

SOLUTION: The read sensor is provided with a first and second soft 
ferromagnetic(FM) layers 58, 60 which are separated from each other by a first 
spacer layer 62, and a third and fourth soft FM layers 64, 66 which are 
separated from each other by a second spacer layer 68. The first spacer layer 
62 is formed so as to pass a first bias electric current for forming a first 
magnetic field of a sufficient strength for the purpose of saturating the first 
soft FM layer 58, while the second spacer layer 68 is formed so as to pass a 
second bias electric current for forming a second magnetic field of a 
sufficient strength for the purpose of saturating the fourth soft FM layer 66. 
An insulation layer INS is arranged between the second and the third soft FM 
layers 60, 64. As a result, the first and the second bias currents pin the 
magnetization of the first and the fourth soft FM layers 58, 66. The first and 
the second bias currents possess a negligible compound action against 
magnetization in a substantial part of the second and the third soft FM layers 
60, 64. 
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Abstract Text - FPAR (2): 

SOLUTION: The read sensor is provided with a first and second soft 
ferromagnetic(FM) layers 58, 60 which are separated from each other by a first 
spacer layer 62, and a third and fourth soft FM layers 64, 66 which are 
separated from each other by a second spacer layer 68. The first spacer layer 
62 is formed so as to pass a first bias electric current for forming a first 
magnetic field of a sufficient strength for the purpose of saturating the first 
soft FM layer 58, while the second spacer layer 68 is formed so as to pass a 
second bias electric current for forming a second magnetic field of a 
sufficient strength for the purpose of saturating the fourth soft FM layer 66. 
An insulation layer INS is arranged between the second and the third soft FM 
layers 60, 64. As a result, the first and the second bias currents pin the 
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magnetization of the first and the fourth soft FM layers 58, 66. The first and 
the second bias currents possess a negligible compound action against 
magnetization in a substantial part of the second and the third soft FM layers 
60, 64. 
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(54) [*iH©£Ji*] saa3BftH>±5f>@^^&^x^T;^ • x h ?-f 7" • x tr> • n;^ • -fe>t* 



(57) [Sft] 

[MB] *Wft<r>m®!& (AFM) JlW^ttS: 
7*- ~7yx?r^-tl>. 

*c5v i tca*s *tfc* i a# * 2 y 7 h 3$B&tt < f m ) 

mt. % 2 x^<— i o TSV >fc$HI§*ifc3S 3 s. 
rm4V7hFMJffc. J* 1 MKi* 

1 y7 bFMJffclfciftrt- Sfc*>fc, +#&5$££*-f & 
» 1 »*SrJ»aW-** 1 ><W rx««*5tt J: oBtfLZ 
fU Sf$ 2 x^-iMli^4 y 7 h F Ml £IS#rr & fcib 

fc, +^5$$&^rram2Js^^m-rsn2Awr 
ajwusfi-o*. 2 

3y7hFMJB«9SlfcKES*i"0*4. cixt;J;-?T. 
m i &i>'3& 2 y u r x«sm i sxm 4 y 7 h f ma 

2RX/m 3 y 7 h3H8ttB*>*»Sr 0 ^JtfflKftfc**-* 



ABS 



SV2 



svi 
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m2y7h§$mttJifc, 

mm i x^-vm^wmizmnztiz ttuz.m io 
vrnzitixmi am rxmssfcii-f «t 5fiti£$ 

IS4y7b5H»1tefc. 

freas 3 v 7 h&atttv fc$4 v 7 hsmtuii: »bk= 

ESS *U miles? 3 V 7 h&BSttS&tf 3fS4 V 7 b 

fit. 

77 h&«ttB£exibtfyf £2aM 
T^HiSS- »t h i. a fltAS *uWIWm*»6<r4 » 2 

Billed 2 y 7 h&SBteBiSiS 3 y 7 HfettttJI <oBHc 

B-riam i am r^«ear«B 2 am r^BSfcWsnen 1 
tiums#2 y 7 h»aatiiat«iS3 y 7 h&sKttEo 30 

4J3fc, WiWiy7M»«IMi. *2V7MJBMt 

Ji. ^3 y 7 haittttff a^H4 y 7 MMBi*Wi**i 

Mfem l y 7 MM8ttJKi$ lMrt^tL. mflfiH 2 
y7h3l«ttWifnESSlMrtJ:0*SV»IB2Mrt 40 

fnE»3V7h!l«tMIJ4»3Mrtt*U 
wim&4 y 7 b&l&ttJg{;iifrfSS& 3 M r t i ^* 
4 M r 1 5:^1, r aT;l/ • X h 7 7 , «5jeyil:^a 

7. try • A>y®^tnjfiRO-fe^. 

ItHES 1 aM 7 ^«SS»»3rk HutBSS 1 V 7 b 3S« 
1Mtteyjto$ftTV*fru«Hfc£*U b«2aM 

rx«ss*^v^, i9ie04 y 7 mw/miivy± 50 



im$m4 ] m#m2izim<?)7 : 3-T)i- ■ x h t 

%%LVyjk#>mxvy ■ rt)\s7WS3&$$8R*)*yWz 

miess 1 v 7 ha«ttJB*ts«rt-4fc«>K, frte^ 1 m 
isis 1 am r s mfiem 1 x^-vm 

I51ES&4 y 7 h»BH£*£ttfW-*fc*>fc, ME04 M 
SrSKHHifcT.a.TA' • 7,h7^ 7S»5h , yih46M7.b- 

[H^JS5] rnm4i,zm^T^T)v- xvy^y 
wsfcytotrnxe* ■ ^rmmsm!R*)^y^z 
ts^x, 

wsm2v 7 hw&m*jmzti*:m 1 he*^ 

BolEmi«ffi-b>" , f&^21E-fey^«^§ii, if 

1 ms* yw&J} t mm 2MJ±* y^-cota,* t 

zmzmt tT*.T)v ■ x v ? 4 ~rm$Lvy±ihmxv 

y ■ ><)U7mm>fflm t )*y?. 

imme ] mm. 5 {zm^^f^riv -xhy^r 

1 mm 1 ] mm. 1 szwrn? * tiv xyvav 
mwit'yikibwixvy • *)\s7m$mm$i y )-tyv\ l z 
a^x. 

ms» 1 y 7 bssisttB. %2 y 7 b^tte. »3 v 
7 \&mjmM4 y 7 nnttiii^«-7o>f (g 

mm) (NiFe) . 3A*;|/h (Co) . ^-3A';^ (Co 

Fe) % me)V7hmmm&&. mnvyhmm^-y 

&ZtlX^Z>T3.TA> ■ XhyJ 7W&Vy±imxV 

y ■ s<>u7Tmmmm*y-v. 

imrn.8] mm2iz$m<7)T3-T>i<- xhyjy 

m$Lt'y±*>®xvy ■ wTm&mmo-tywz 

a^x. 

i5ie^2 y 7 hmsismnmm 2 m r t 1 1 

0. 3memu/cm2ti)i), iflBH 1 y 7 hSSUKtt 
BCOBUtS^lMr t{±^<i;C>0 . 28memu/cm 
*X'$> K> . i#lfc J: 0 . BUieiS2M r t iOBUiem 1 M r 
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t(c*«-«jtjw»i. ihsi Otf>«lll*rt*4'?a7 
^SKeyiMUtry • ^ymmtfLWIZO^yWz 

lB^3MrtU:1inE»2Mrtfc|iat»t:*L<. W 
IB^4 M r t \mim l M r t fcKaWjfc*U*T3.7 

10 

[M&B 1 0 ] msm4 C1E»Ot * YJVXYH 

TW8a\?y±imxv> ■ JWTmsm&am 1 )-*** 

fc*»WC. 

xyva -rmxyk?m.x try • ^juzrwsmsmfR 

imxm 1 1 ] mem 1 0 n^mcyf^r^ xh? 

wz&^x. 20 
mm 1 >w rxmrns^tv rxmmt^< t 

i)4mAt*^fa7;l/ • X h^7^5£t-yihi63!7 

ty • ^7mmmm*)*>v« 

frtem 1 x^— <tmfWi2X'<— wmfrte&Tz.r 
>v ■ x h?4 7mw.v>±#)Wxv> ■ /w^msmiA 

7%^y&&m.xvy ■ *)v?r®,mxm®.*)*y*r 
mm 1 v y bm&&m<r)mzm&4 v? h%mm 

comziifoi o*yyxVa-J±-#)5 5$y7xhn 

y7*7 h n-A~& 5 5 ;*y 7X Y u-J±<r>$mftX'fo 
hira.TiV • xh=y^Tm^y±fMx^y ■ rt)V~f 

mmmmw-ty-r. 

im#mi4i mm.yiizim<r>Ti.Tiv- xv?4 
7iseyi«axey • ^y^mmm^y^ 40 

7h»Bati^>wsjaTc»ftrar^ • 7^4 

[URUaiS] IS^llciEi8<0Tar;P-7.h7^ 
7S^h-yihi6M7h-y • y^TWSUftfiaiBRO-b^- 

lS££!M(iAl 2 Oa . Si N&tf Taafc ^£>&& 7*^-T#> 

7°m^eyjh«6®7 try • /^7TB$U£iSggR 9 -t y 50 



[ 1 6 ] ^#±cOr-7^T7-»r7i: , mlB 
vVTb-yX. 

4 y?9*r < 7S^xu^ y h fc . 

taW • x h^-f 7€SSt'y±a6ffi7h'y ■ WTIk 

ItflEr jt-T/L- xh7^f rm^tyitftSx ty • a> 
TWSOaffiSBROxi^^y Hi. 

%\vyvmmmt. 

B2V7b9B8ttHfc, 

flaiem 1 y 7 b3$8£tt/ifc®2 y 7 h5*«ttBfc*>iafc: 
Karen, Miem 1 y 7 vwmmm^i v 7 mhk 

Si:, 

iraiEm 1 7^— t«^«SRWC«SRS*i.ft t fc t (c, U 

em V7 h»«ati*ey±«>^*fc«)t:, tram 

safest 3 y 7 t %a y 7 h %$1£jb t obk= 
iHfi§^. huIBIS3 y 7 h®mttJist/m4 y 7 h^K 

ttit**i*h.*«w*»wm*»fe**» 27^—9- 
St. 

K»4y7h5i»tti*eyjh^^4fc«>fc, 1^2 am 

mm 2 y 7 h%m&mtm3 v 7 hsittttA t <ouz 

Miem 1 >m Txw3tMF%2>M Txwfcftmm 1 
y 7 vmm&Mm^A V7vmmmzzix?tivy 
±#rrm. mm 1 ^ rx^mm^u rxm 
mmm 277 b&m&SRvm 3 y 7 h ^©ttsw 

6 J: 5 fc. BUISm 1 y 7 bBBfl£flL S2 V 7 b^Ktt 
fS. Wi3 y 7 b^lSttB&^m4 V7 h3M8SSi-£*i 

[ff^g 1 7 ] m#s 1 6 izmmnfflu <o /sa^^ 
we» i >m rx«a*«Hf qt**k. wie^ i y 7 h 

5HSttS{itfyihy>$iiTo^v«2r^L.. H«)fem2 
A>f T7.«a» J 4fo'C*iR. b5IE^4 y 7 hSIffittl 

[ff^JB i s ] if;i<ia 1 6 t=ie®^^ro *) 
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mm 1 77 hgi»tt*£ttsrf mmiu 

3JIES&4 y 7 h»Bffi«*«»rrS3t«>fc. mlESU M 
r tfc*M-6-h»»*«»0«2«J|lt«WL**ir 

[m$g 1 9 ] ts^ia 1 8 iztmcowm o/sa^ io 
buies? 2 y 7 bwmMMmstuzm i rnE-t y-9- 
mm 3 y 7 h5Mas*^tt§*utts 2*e* 7-9- 

k, 

ten i mE-fe yvnu&j t warn 2 ms* ywrn* t 

$-S(c«Sx «MPR O/S&A^ -y k . 
[ 2 0 ] ff^JS 1 9 CfeS&9&JK 0 » 20 

[ff*«2 1 1 n^jg 1 8 ^te^w^Ko/m^ 
BirtE^ 1 am 77®S3M2 am Tx&mmnmz 
a^y K. 

[|^c«2 2 ] ift&I 1 8 lZiffi<omW)/W&X-^ 
•yViZti^X. 30 
fI3B£ 1 am 7^WXS.xm2^ 7xn.mt'J>%< k 

[»*«2 3] Mf-^-X^'-ryM) 
h D-a'/P • i/XrAXh^X ^ 
^yr^f-^7*a^xlx^yht, taT^- 7b? 
4 TSifitrxibbSUtry • ^^TKPR 9xi^7 v b 
k . ££&§8R 0 -y b 5rfiii. . 
WlTxTlV ■ Zb7J7°%.WLV>±tbW.AV> ■ tin, 

&iv7bmmmt. 40 

SfS2 7 7b5$lSttlk, 

mm 1 y 7 b&BHS ji t m 2 y 7 h&ft&i k 
ussft. ffrfes^ 1 v 7 Mfc«ttiatf*2V7 b$« 

ek, 

H3 77b3glSttlk, 

bwmmt. 

B?iE®3y7 vmmmtmAV7 vwmmtvmiz 



Sk. 

MIES? 2 y 7 h!»KttJik® 3 y 7 ba«ttJBfctf>iafc: 
ItrlEMK 0 b'#g^$*u i t , 

k iHl^t^^yy ay^yXfAk 

nEfn 1 y 7 bmmMimrt&tztbfc. 
£Pri% 1 1 am rxmn* mt< 

< . BUlB^ 1 7.^—9-1^^$ fifclU 1 m»fi!ik , 
ffiEJM y 7 F&GSttJISr&ft-r 

< . mm 2 7^—9-®^^$ 2 vsoRk , 

mas 1 mxt-axm 2 mm*, mm 277b *m*m 
%.vm3 y 7 bmmmcoi)^: 0 «»»««ftic#w* 

h®3^T^9 • 7 h • 77 h* • U h »J -a'/P • ^ 

[TOS2 4 ] I9^«2 3 - 7 b 
\/- : J-7>b' ■ 'JHJ-AVI,- ^x-fA^ijV^T. 

Mtffil^^S^T-^ ■ XM/-y-7yK ■ 'JhU- 
A";l/ ■ yXfA. 

[HM 2 5 ] ifc#H2 3 tzfE^WSBEMx-^ ■ 7 b 

mm i am r^«8ut^H2/<>f rxmssdnawt 

■ 77 K ■ U h 'J -A*;P • i/Af-A. 

imtm 2 6] far/^^h^ 7^sifyih*M 

7ty • A';W7gaSt)-fe7-^<7)SjS^Tfc-?T. 

hi y 7 b»«tti*jRjw«xak , 
swBma^*** 1 7^-^ji^miEH i y 7 hssm 

H2 y 7 bmmmzmm 1 7^— i-mv>±.tzBfct 

^XSk, 

«M^^*>^> : S:^^B^H5iem2y7 hSSJSttJl 

S13 v 7 bmmm*mx»m<r)±.£&jii-t&xn 

k. 

mmfflfrtehm 2 7^-- rm msm 3 y 7 h%m 
S4 y 7 h%6Si4iiSr fnE»2^— 9-ii^±tc^-r 

SXSk. 

wiem 1 y 7 h^atts^ t-7±*-r^< . mfEH 1 7 

tJISr^UTH 1 AM TAXMi&'flZ.Mzmm 
1 7,^-^JB^«SRWfc:«t63*i.fc» 1 U-H • -fe-y b 
^J^jSI-SXSk. 

7 7 h^att® * t >-±*-r« , mm 2 x 
i—>rszftLxm2'V rxmmmrrzMzmim 
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2 x^—rm^nmiiz&m £ tuzM 2 h • * -y h 

ZBfct&JMb . 

Mem 1 aw rxmss&ys 2 am r*«abw»si* 1 

It . files 1 aM T7«?£&tf S 2 ) U Txm^mii 

»2V7 hsiiKttJi&tfS3 y 7 hstattaw*^ 9tf> 

fc, 1tmiy7MMKMK S2y7MS«eJr S 

3 y 7 mwmmm y 7 hauBttJitttti? 10 

jfcSft-cu&r^r/P • 7h947^t-yit#>iUfc: 

fjfeS 1 y 7 h&BJtt* &t>'S4 y 7 h&tt&flttGoFe 

*»4>* 0 . ms»2v 7 h&&4£e£.t/S3 y y mm 

[H*3I2 8] H*Jl2 6^fEtK^ffi^fcV>T, 
m5&lV7hmt&mi±2><ti>0. 28memu/ 
cm^SlMr t^-f&i^ffMSfU ffieS2 
y7b^JKttBJ±^ : 5:< 0. 3memu/ci ! » 20 

S2Mr t£3rf6J:3fcyft£$*U ZtUzX*). file 

^2MrtOfnemiMrt(2JtrSit*^l. 
10<9®Bf*rC$>£;«£. 

inSCJA2 9 ] ff*Jg2 6 £SBXW%mztS\,vC . 
mlESlAMrx^£»r S1SSESI* 

Hifie^ 2 am rxm«££»r& , s 2 «sss& 

fjfeS 2 frB^KSW 4Xg k . 
SI 1 BMfc*#*6SS 1 y 7 h3M8ttJB£fl»* SXg 

k. 

***mj&»s>**» 1 9-«*we* 1 y 7 h»« 

tiff k S2 y 7 hiSBMWfc OHfcffltttSISfc . 

£-£tfSi7ey • '<>uzr ■ xy-yjr&mm-t&xm 
t. 

S3 y 7 h®mm&mgi-&JMb , 
S4ii<ft£#t- &S4 v7Ywmm*wsthTM 

t. 40 

#**m*»6$rSS2*^--: 9-JKMEIII3y 7 h&8i 

ttJBt *4 y 7 h^ttttA t wiatcffls-rsxsk , 

k, 

«MHitmfr&&£ieflM*iiEfti *ey • >^y 
mm 1 x^-*r*irth%, 1 am rxmss* m&th 

Xgk. 

flieS27^-^£:fl-^£S2AMT7ma£fflSU 50 
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fries 1 am 7*«8tfc J: ot, 

MIES 1 BMfc&tfW4 ttfc*Hlfc*KWfc eyihsyf 
SXgk. 

files ixt>' /n'^7" • x h 9 4 7W— * **t* 

BB^fcfcBfflSfifcBL Mies l t. try • A>y ■ x 

rzmmm 1 mE£&tbir -sxgk , 

files 2 x tf y ■ A;P7 ■ x h 9 >f r^fjieis^^t 
sajstifciBL fries ixw • • x\>547* 

«K0*S2«EES:«tas , t6XSt . 
ffieSOTttX^ffier-? £ifej&t Sfctf>fc:«ffl»rig 

=5rfnes i mffik fnes2mEk^n&^-ri.^ 

[000 1] 

[»»on-t4a«»ip] *iwiii«*?* x? ■ *y 

47, iOSfflttt, xey-AVPT^^ftfil (magnet 
oresistive, BgtT, MR) IfKO^ / $ 

fcJfPM-t-S k b i>lz, x\:y ■ rs)V7 ■ *yy-wy± 
[0002] 

im&>8ffi] 3yvj.-?m<o'r<tit?)\'W¥$mco 
• H?>f 7***ffiffl$*Lr^*. 01(A) st/ia 

1(B) tCfc^T. «3|W)«SlT'f^> • H7-f 7D(i 
y-;l/V-xy^D-y>lk, r^f77|gii ; t-^2 
k. t-^2i07.eyK;USiCJ:^T[lI^lgfc^ 
$iXfcffim7-M7.7 3k, T7f-iX-^4k. T7f- 
A<F>XXiy K^S 2^K Of+tt^ttTtr-A 5 
btt-th. VXiyiss y60-J&liT-A5'\*g-& 

jl— 9-7^-^SnT^I.. -tWC, b7>Xfa- 
■9-7«-fey9-0?ffi'9xp^y h$rWfS^ y^'7r-< 7 

ffii^i^yh -c*s. t-^ 2*«fu? 3 £&en 

Srfi*H^*>±tf tf -f 7.^ 3C0«Tfl*>^^$*^./i 
XT ■ <TV y?WY : yyxT3.— Jf ri<rsTWz- 

*«ESIt^^^3*>4>ISIR0»4. B8$v7M77 • h'9 
■< 7*«iSlhaWffii*S»iS«#t:J: <&btiX^h. 
[0003] hyyxr a— 9"7C«fflSiiT^4*<» 
HKW^^^T-O-fey^ii, ffl^aaK (MR) -ty-^T 

ws&^vtyYft^wm.nzk'ixwRm 
mm^-thtz^z. MR-tyvtmrnztiz. ®$&) 

MR-t y^JiS^TttlS^Sftl ( an isotrop i c magnetores 
istive. »tT. AMR) SWRSrCKOttffifclfiEfflLrv^ 
-?-LT, ^BXOxi^^ybrtiDiS^^k. SER 
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4. nm®w&AMR±yvmmjm (.tjx? 
mm) vmzs&th^ msmm^m.-tm 

y h^aaaosHisWB.: 4 . ®^*±coienr- 

* 4 fca&fc , ffiR<^6fl:*«ias U#4 . 

[0004] ®mm^wmw>$. ^mmk 

(giant magnetoresistive„ B&LT, GMR) Wkt L 

fcioTSHW-t. fit, GMRHsy^^iattJiAMR 

4. AMR-kyf-105Et:*VHB«i:» 
h— l^^fcfcjgBLT. GMRJWtttffl-r* 
•fe>^»i1*fc:Jfetl«rC**. GMR-feyf»l^j"f 

y • A/1,7* • -feyfCti. 20C93IG8tt (ferromagneti 
c. B&LT, FM) M&m&£<&¥W&&Mfrm££'> 

(7)b-y±J6{ify±46*(c^-t43em^$^R5l 

JStt (anti ferromagnetic, BgL"C. AFM) UtZjlo 
Tfr:bfc.4. 

[0005] i.*) mmwi. m 2 -3 

etoresistive head. B&LT. MRH) 1 0«Hlv-/l, 30 
HI 2fc. H2^-;PH14 iil4>20(7)^-;Ur-' 
12, l4HI<z>3f-Y»/T (G) rt£S83*ifc*£>' • 
A/1,7 • -ty-9-i 6 i: *1W4. xr • <r 'J y7"ffiA 
BSteMRHl (Hz£iXmfeZtlX^&. 

x%tmm±t$>t:thi,z, xfy • /*/l,7 ■ *y+r%* 
+ yTGpV>4''i>fc:K*M#4. xty • a*/p7 • -fey 

4. mrh i o^: anmmtt^ •/ H^uBfa^Rja*' 

[00 06] H3(2fcV^, 02*>3-3lMc*rttftBf 40 
®tl (IP*>. XT • <TUy/ffiABS (7)^(61*^1.^ 
BrffiH) (if£*tf)xey ■ a'/p7 • -fey-tl 6<7)fgji£ 
Scf. 7try • A>7-fey-tl 6ti7y-Jfi8. ffl 
JI2 0 , fc°yii#>Jf 2 2&tf5St»tt ( AFM ) m 2 4 

4„ xey • avi,7- -feym 6ttttiR£tt[i 7 

7rll 9 <i§SB§4>C7 U - JB 1 8 fcft<0s/ 
- HS k LTUBE U#4 . a- H ■ aM 7* t LT Oft 
i-*aa<05IKtBBSH»S2 Hixty • A/1,7 • -by 
■9" 1 6 WPiSB^-tii-eitStt U 7'J— Bl 82: 50 



(6) #12000-276720 

1 0 

S#l4 U-H 2 5fi, tS^ty-^/^yfl 
6^\tt^-f4„ df-v/h°y^*fl2 7{2AFM124±£ 

ttH-feh-rv^*. «ss»2 9«-feyiM 6»B?ria<7)^ic 
[0007] 7 y-Jiatf eyjfctf>«i, a- 

( N i ) m 1 9%0& ( F e ) S-^±^#t4iSffi 

•flxtofc. AFMJf 2 4tit'y±^S2 2<0lKSiUj[S] 

[00 08] tfy±a6)i2 2<7)BW$ria4at>"05(C» 
-AvaaTWffifc*-*. 04Tf±, 7'J-ffll8(±*H 
±7U-«ra«tfirm2 6**Lfl4. ty± 
*S 2 2(itfyihi6$^m2 8 $r*-T4 . b*yifca6 

« 2 2 cogfja^^k . mm 2 0 ^ L^KificSste 

^ 7U-JBl8{*lDSB7yHKft3 0**L#4. * 

m±y v -zmtufa 2 6 a. mm? v -swt3 0 1 . 
b-yit^s 2 2^»5sr^t > mm 2 0 fc^-uts 



hh. mmamx^t&x^hXo^ 7u-ai 
[00093 xey • A/P7 • ■ty j rcr>m>itWR<m 

m^m5<r>mmfr 0 7 y -a 1 s<n 
*ffli7u-awfc3 0(ca3c-r4tfyihtoii2 2<7)b-y± 

df>f y h 3 2^ft§w* . w&ismzmrr 

MRvmuzm ttt * *nat«swhi»«-r 4 nxm 
silk 

[0010] HRWfc. A F MJf 2 4 ^^HKttW^Wi 
m-vy*fy (FeMn) ^if<ovy#y (Hn) 

!Hfcx.y?vp (Nio) «rir<oiMkireft«. afmi2 

4 <ify±i61 2 2 cO!S-fl:* ? ll«E-r4 r t 
£ftTXWi±l. ziilzX^X. yv-miscnm^ 

-ji y hmtmm&wviF&Tvmk l#4 . 

[00 11] 

t>£tv7W-*-$ >/7 ■ l^y^*^4xb°y • a>7* • 
-b y-9- k li , <t-<o3l«tt t yihy> 1 2 2 «BHb&W7 
-n^HfcTlfc* 0 * ^-<7)7 y -m 1 8coiM: 
^ft^-7 ^ -)l r-'ttt3c-T47.tfy • AVP7 • -fey-tf-C 
3>4. L*»L. f y±y>^ 2 2 £ t y±tbi- ItztbcOA 
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1 1 

f mm 2 4 cr>W8 , Str>tp^/pm^ifit> i. 
afmij "(frffc" U 9t«tttryjM>Jl0>flMfc£H 

(electrostatic discharge, B&LT. ESD) ®S 
£ftfcJ:oT£t*AFMJi24«;W»fctettL 

X. 7. try • a>7- fci^lilMKUteGr**. S 

(C, FeMn&i'C0AFM*mf27t*y • y\*/U7 ■ *.y+t\Z 
flfflS*i.TV^*««*mJ:Ofc«*C»v\ AFM*m 10 
iOSSttiUtXS^S^SOffllh, 7fy • A/py • -fe 

^WRaiBMHfisw-rifcrtfc. afmk2 4h«^ 

«**UI*fc&W: iWfcft, A F Ml 2 4 

[0012] ^Bjjixh-y • A/P7 • 

• A/U7 • -feytcOMJROffi^^tii: . *^W#tt* 
Stf^rW^y^-t- Wfo, a^y ■ Vis 
x?h ■ t-N'T'coiWfc^SS^U .TftKioT. a 20 

[00 13] 

h-^cox^y ■ *)V7 ■ x h Ttm&h Ztlz 

iot, ztizmm-z. mz. m.iK2mn%L£ 
ziiktoxzy ■ ■ xY*74~r*4Nktt. z\ti 
Ci-^t. #tE«J±&ty±afrBO«fl:*ft*WfcEl£ 

f^ffwr** 1 . 7»j-fucs«-6 2o^«a<oa^ 

&7ey • a>7 • 7. h 7 A 7a>4><7*t£Efi#tf>il£l£ 
is^h £olz&&ZiiT^& . 
[0014] *»W0-JEWCtt, faT/WXh^ 

Tmaeyit^xey • / ^7wmmm o -t y-r 

(dual-stripe current-pinned spin valve magnetores 
istive read sensor) til? 1 M r t $r^-f 61$ 17 7b 
Wife (FM) llMr t J:9**v*S2Mr t 

SIX*— 77bFMJI&y : fi2 77hFM 
■tfSBUcSBSil v IS 1 V 7 h F MJf&tf fi 2 7 7 r- F 40 

■t&tzibiz^ m i xi— ♦Mti. siMrt tstrs+ 
#&3$$ £irr am 1 asswjaw-sa 1 am rxm&t 

*ittJ:pfc:«jSS<i-CV>4. W&*)-tyW±, S3M 
rt^t^3V7hFMli;, #i3 M r t J: 
l^4Mrt^-r6^4V7hFMJii:$:. WiZit 

7 h F MSS.l/^4 7 7 h F MH<0HtiH§<l. 3S 3 
77 r- FMiI&t>'g4 77 h FWBfettlftlftMLX 
v>6. «C» *4V7hFMJi*||fllrt-4fcftlC, H2 50 



(7) #112000-276720 

1 2 

2®.m&ffctm2JU Txmmmtx o izm&z 

tlX^Z. ^1*^277 hFMB&tf#J3y7r-F 

Mmnrnzumnx^z. mim#mm2m 
fum i y 7 h f mmmfm y 7 h f mm * *ti*ti 
mttt+»*mz *vrm* m 2 y 7 Ms«tt«&tf 

£377 h!Mltt«O^0^4^<0^te*tt&*l« 

miy^MiattJi. *2y7ha«ttAK »3v 
7 r-&i&ifjg&tfsg4 y 7 hssattWtt-HL-pwBdtS 

ey • y^T^JROHry^iO^W^ri^x^y^li. it 
. ^^^MBXOft^Sr^-rt fcfc. r-r 7 
rl/yyt/l'^ *-H. fiP*>, 3t> • 'Jvx7h • * 
-h'TDifttU CltltioT, ©^SgK')^^7 3 r--7y 
^Sr^-f. S(i. AFMJi^u^tfciO. -fey^ 
S^tco«j|$ fc . i&g&tfE s d cjfta y-tcoss 
ttfi&Ti'&tti>iz, -fey-9-co(i!fStt* ? S<^6. 

[0015] *HBB»S'J<7)^ffiT'(±. ^±<7)-f-7^ 
<7)T7-txt. mk^cn^-fn^tZ'fiot&cnW. 
flX0/*S^^y Kli. y^r^7Sa»xv^y 
hi:, TiT/u- 7.h^-f7°m»i r u t:yih46S7.h'y • /\* 

/I'TMSUSta^EfOxl^y r- (dual -stripe current- 
pinned spin valve magnetoresi stive read element) 
££*i-6. ira-TiV- Xb7A7°W3&Vy±itMxV 

y-^jiT-mmzmm^syhu. mm®frt> 
%im i xK-ymizz^xz.wzttMztifzm 1 77 
baiMtt«ai^g2y7MM8tt«* : rr4. n 

KOx^yh^Sff^fe^S^l •;->' • -fe-yb 
Sr*-r 6 .»lU-H--fe<yM4»l 7^— trl^mM 
WfcSSKStiikkfcK:. Si V 7 hBt«ttJf£Kyjfc. 

«>-r^.< . s i rxm^s-m i xi—rmizmfrt: 

^»4y7h»aat«t. HBROx^yM^irt*. 

Ji^«jR«fc:«aiisfL« «: k t (c. fs4 y 7 bssiKttJS 

s*itv^. Mtc mmiim2V7h®mmms& 
377 r-3satts»s^Es§n, 

m 2 A'>f TXl^fi 1 7 7 h5SEtta&lXm4 77b 

377 hsiaeJico*^ o <os^^Btfl:t=i«-4iga»r 
. mi'W rxmrnx/m 2 am r^t 
w« J: a c m 1 y 7 b^Ktts. m 2 y 7 nss 

MIL S3 y 7 h»BB*MSftl)f*4 7 7 h^«ttS« 
^■ii-e*iS*SfiT^6. ^a(ci:0. 2o«0®(±AF 

Mi^«ffl^6^ t%<mmmzvy±isbztiz> 1 1 1 
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1 3 

£o^3l£a*±lf(;:ti£«U S*RtfESDfc*«-i-fc 

•fftifctJ: 1 ?. J5fc*fcfc«5\ *nH*ttRtffjL 
r, HPR9/*&»^<y F«)MR9^7sr- vyx£* 

[0016] ^BB^jetaowjBntctJi^T. tat* io 
• x y 7j?mBit'yik!t>mxvy • w?wn*)*y 
■9-<mm)ffli* mivy bmimzmfctiTn 

m<?)±mtf£tixnt. *2V7h9H8tt***i 

x*— 9-«£S$3 y 7 hS&SttJf »±£ffMU 3S4 V 

7 h&taffii 2 x^— mniizmmz . «c. 20 
1 tJi^«RWtijai$*ifc* 1 - h • -t •/ h 

ts2^-f r-xmsaw 1 77 Ymummm* 77 y 
mmmvey&tri-iwi* *2V7YwmMRvm 

»iA>frx®t&tf»2^-frx« 
ffiV7hWMW. H2V7MI 

asfl . » 3 y 7 httfisoa At^S4 y 7 t^ssem 

ill). 

[0017] *«BB^JaT^>»^i»», HSfcftftf 
[00 18] 

iimofmmm mi (a> , hi (b> wms 
Histtfaawfcwauriseufc. 
[0019] R^ae ( a f m > jgo-isetti* < 

SW6fc«>fc» ttawr-»)t$#ifc2'Otf53:^fc«i»t 50 



(8) ^2000-276720 

1 4 

StSStryittoSUtry • A>7* • xi^y 

vy±frm(r>vy±WFm^zm#>z>tdh\<z^ 

%tX\zy- j<.)V7* ■ x.uxyh£m%®&.lt:>V Tx 
Wi, mj<nxvy ■ a';U7* • ii/^y Ycvmthzh 

[0020] H6J4*!WBOHWt0>J<oBriBEI*^-. 
fiT/i'' rttatryjhft&xtry • A;W71£ 
tt9xio*yh5 0li. m^-^M 2fctS2y-;P 
H 1 4 4:OBI(cEfll$ixfc'f aTTP • Xb7-i7tat 
yit#>Mxtry • yU'TlSRO-feV'frS 2**U dti 

t>3^cr)?$m±. mL^^v-^B y<Piz®&T < x 
7 mi (a) Rim 1 (b> #sa) eymxtttot* 
xt ■ <r y y?*BA Bs^x-yfffi54 rtra^L 
r^4. y-^K^EHSTstior, ^i^-;ph 

1 2 Atfgs 2 Y 1 4 £51 *fc#Jir*S 4 . J/-* 
KHSBffiSTStex^fa, HP*>. y^yY=7-v7H\«\X' 
«£l/0*S. r : a.T)U XYy^rm^y±ibmx 
Uy -^7^129*^5 2te A BS*>oz3r|pL ID 

iTSl/H^. 2oc7>7>ey • A/P7*£3tfS.l£:l;: 
<t "9 . *HifePJ«t£IX 0 -fe 5 2 fy • 

r**o, twcioT. im 

[002i]faT;^xh7>f 7^»gty±rtMxtr 
y • A/w7MI20-feyi>-5 2(i. i^iiNSi:J:->T 
M\vzlMZtuzmi xvy • ^'^7" • XY3A 7*SV 

1 &t5^ 2 x ey • ^vt/7' •xhv^rsv2 tt-f 
h.&xvy- *)V7 ■ xb5^f7ll tm&x^-y 
tj:orsvHc^$^2oc7)y7 hssiatta*^^ 

tot, Sgixtry • A;P7 - xh^rsvm 
^ 1 X^-4f6 2 (,Z£ r>X3.^liZjmZtl*:m 1V7Y 
(FM) «5 8&tfgr2y7H8«ttB6 0£* 
■TS. ^27. try • A^7-Xh^-f7SV2 

(i. »2x^~iJ-68t:J:->r5:^Jc4HtS#ifc»3y 
7 h^mtt® 6 4 &t>'SI4 y 7 h ^ffittS 6 6 
S. ^SWk^BiW^, E3S«8tt (AFM) 
try • *)V7 ■ xhyJ7i,z%&tix\^\&i,z&m- 

t'lmtfhh. mi FMif58. m2FM®60, %3 
FM)i6 4aiX»4FMJi6 6tt^-'70>f (NiFe) „ 
(Co) ^L<{i3A*;l/h-^ (CoFe) ttWV 
7 Y F MtW*» 4>»JSf 4 *\ 4 ^{±x ftai^ 
a/SVU h<0"5 *><0^ < i: t v 1 oi&^tfflfeioy 
7bFM^A*»^jSL#4. all^^3J;<^0^>i^rv^ 

s j: 3 fc, " y 7 h " mmmtmii&^mimii 
(M: 1 5i^f7 > tt-th. mixi-v 

6 2 at>'^ 2 7^.-9- 6 8 (iffl^r t' Wffig^jgflJ^iS^ 

mtttm^feUKWfc^ifi^iBr*** . 

[002 2] i*ife<OJB<OJ*SJ±S:^tlWrO»iki: 
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1 5 

if 6 0 OJ? § t f 1 &t>'?f5 3 V 7 h F M m 6 4 ?>J5 $ t f 2 

A<9«Bf*itL#&. 8*17^— 9-B6 2«l¥$tsiS. 
y^2X^— t®6 8^JJ§t S 2(i. ®20*y?'Xb 
n-AH$5 5*y/7hn-A<y}&B[*|i:U#l>. H 
1 y 7 h F MM 5 &<r>W £ 1 1 1 &tfs?4 y 7 h F Ml 6 
6coe$t P 2(i, 0*y7"7ho-A~i&5 5:*y 
fx h n-Aco^H^i: U§£ . 
[0 0 2 3] la^ttLT^'Sr^*^ A*.y7 7)I£. SfS2 
77 h FMS6 0 17.^-^6 2 fcflffll, &tf^3 
y7hFMJf64i:S527'<— ^6 8hcO^C -g-ft-f 
#lISg^ircj>&. 0UJ£. CoFe*^^S/N'>/7r® 

T)V ■ XbyJ7mfc¥y±libmxVy ■ WTBffl*) 

m *\>svy?m (m^v&) zmzt-thz 
tmrnrb*). ztiumscnmmmx'TFtioWz 
m&ix^z. ^>yy Tia&xs** -yvyrmi*. mi 

ii. 9V9fr (Ta) tfclii^a^A (Zr) MM 
L#6, .rix£><D*gllt?)Ji5 8, 60, 62, 64, 6 
6 , 6 8&y I N S SrffM-TI. ^^^ft&t^MtiX 
• a>7 • *y^^#j#»Wili£#KJ:<ft£>ft 

[00 24] mxtfy • AM-7-7b7-f7*SVli; 
3?27try • A/P7 • XYv-i 7S V2 i:^fa^^S 
I N S JiAkOa , SiNtJti±Ta 2 05^i:'cOffiS^^« 

mmtm^Bmrnx-hz. mzmmim^ 
2o«D7tfy - a>7 ■ x h Tfflcowmim 
imfi-th-HX-. rix^2o»xtry • aw ■ xh 
7 a T^Msmikttmmit-fh t ^ a si***, ffe^® 

y ■ *-)uom&itiimmt:is*-fz i t . sat 

jf i n s<ow$i±2oc7)7ey • rtivy • x.vx y h[U 

m&Mzmiz§m$m-r. mz. msmmnk 
mnhT-^commz^i-sostnm^y^y^ 

m^iVxmzM^< RfrSc7)i/-;P m®M s T S iz x 
ot, fgWIl NS<oft*W3H*IIR3*i*. Witf. 

I N S(i*«7 5 0 Jj-y ^"7 h o-A~*5j3 0 0 jfy 
7*7 h n-A<?)&Be9l¥;* £ # U#& . 
[0 0 2 5] 07(ix-yT®rtti=i(tl,06<7)7-7 

tt(ct$ iflf^TiV-xby-i TSSt yik#>lU t° y 
• > 0 -t 5 2 aBrli@£fE<6EIKH t -» 

t^-r. d<D0-m. h^ y7i@Twtii¥{m^7b5 



(9) =8112000-276720 

1 6 

V- Ktf>m 1 Hr -y h . HP*>. m 1 'J - H • -fe 7h 7 2li 

SSi7ty • a>7- xhyjysvicom^Zti? 

tlSmZtlX^i. H«fc, »J-K*>*2-kyK HP 
*>. JfS2'J-K -fey h 7 4liH27fy- a*;U7-7 
h 5-^ TS V 2 WPI^^-ix-f tl^^ilT ^1, 0 £*l 
4>tfDU-K ••fe-yh7 2, 74(4/>-H -y<>fT7-7 

h5?f-*73, 7 5^-e-ix-fti^rs. «Bf^^r7 

AM T7 • 7b57^-v7 3, 7 5(i, Hi 7t*y • A 
10 7b5-f7WgS27£y • 7h7-^7 

2 , 7 4 ti , 5*i Lfc^-f T7^2: : &7h-y • y\';U7" 
•Xh5>f7*fcSW-ii:*flaW4. Sot, A-H ■ 
^7X-Xh7?f^73, 75 liilttltt^ 

l £m l iKSSc s i frt>m 1 7ty • y ^7 ■ xhy 
4 r s v i zm t-ca-fTtft fcflyawc* o . » 2 a 

20 -fT7ma[Ib2{4H2«^j®CS2*^U-HWm2 
■fe-y h74$r^L-cm27fcfy • a>7 • Xhy^TS 
v 2*mtXW\frMh . jgt. #7tfy ■ ysVi/7- 7h 
7^7SV1, SV2*!M!J4«E<^aEfl;*«ltB^ft*: 
ftC U-HOmi-fe-y hStXm2-fe-y h{imi«ffi-fe 

y-9-vs 1 at«B2«BE*y-tv s 2^t'<om^iH^ 

ifSlXMy ■ *)V7 ■ XhyJTSV IRXSWS2XV 
y • *)V7 • Xby4 7SV2'\tiX?tl&MlX^ 

4. zlx. mimffi-fey+fvs i<7)ttj7javm2mE 

•ty-»?-vs2^tiJ^i. Bl€E-fey9-vs iao'm2 
30 SE-tr y^V S 2^^*06HES*lfcll»J8S»D A 
%t'<7M^-?-Vj.\/-?lz£^Xm&%hZtl&. H 
KHi«D A«ti57j{i2o«xfy • rtiurm^nmn 

[ 0 0 2 6 3IS 1 A*>f rx^SSL I b 1 mffi2*4 TX 
I b 2 fi&xtfy • a>7 • 7 byJToMZ try 

t*jft*raTA' • x h5>f ri;^eyiha6S7ey • 

40 A-/P7M& 0 He y^f 5 2 <0jfcWKfflBI-C* . BK^f 5 

m*t>. mwizw3&&jjmz ; siti&>WTxmwLizm 

rxm^L i b i mm 2 am T7«si[ i b 2 imw/iiz. 
n-im&&Lxv&0yc, mi'VTxm$m i b 1 
KfBctM2iU rxmrn i b 2(*n*wfcH t^isi 

K)V(rM\)^TX^mi b lSrfflUSifctiO. IB 
50 ±-t-5HlAMT7fiS^HIbl{i^iy7bFM15 
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(10) 

1 7 

8£ffift*IffiX'2>&. ZtliZX-oX. ffiey±a*>SP 
1 ZBfct&tltblZ, ff 1 7 7 h FMJf 5 8*>aMb&*K 

yjfc*>3*i*. Htttc, a«J*»2>'«>fr^«Si b2 

(iff 2 TzmftH I b 2 . ff 4 V 

7hFM16 6<7)?S-fbSrt*yjJ:^LT. ff2trxih«>! 
P 2 jRfcfr5jfc*>fc: , ff 2 AM Txmm I b 2 Jiff 
4 7 7 N F M« 6 6 Sr&ftTt &+#&3$ $ tttl . * 
XHWCIi* ff 1 'U TZMM I b 1 Stfff 2 A>f 

i b 2itmmizmtij$Hzm.. nmemt* 

* $ . ff l br>it*JBP 1 atXff 2 trxiB^l 10 
P 2 £ tTVjtlb'tifci&^A FMJKf%4*VO*8rH. 
Z<Dtc#>. ff 1 >U TXWKBCW&2*U TZVfflW: 

iWt£. ff i v 7 hgsasttsarxff 4 y 7 ^titttiii 

[0 0 2 7] UpU fflA>f7X&#HIblRtfff 
2AM TX&ftH I b2(iff2y7bFMB6 0&l/ff 

3 y 7 h f mji6 A^tiztiM^hmmzmtt . # 
2^cmR\mmmzmt-%mziPi^x^h<r)T>, 

ff 2 y 7 h F MJf&tf ff 3 y 7 h F MBW^fl^fUdtt 

-r&2oc^&?iW»Ji. .iii^>2o<50Ji»i:¥ti5fc 20 
oTS^tfT^ft^dMfiK&S. «i«f. fflAM 
7X@t#H I b 1 {i&ffl*^&ffllJ^[6lA^Tff 2 y 7 h 
F 6 0 -^TtfMflU ff2A-<7Ai&ftH 

I b 2 tiai*>A, i&ffl!l^|6j^o T ff 2 y 7 h F Ml 6 0 

£.Mzhtznxwm%. mmmmRWTzn. 

£tf»'ff 3 7 7 h F MB 6 4 rtWJ . ff 2 V 7 

hmw&mwm 3 y 7 haswtB^oBMWi/^ 7xt 

t/fl^iB£^#*if*><c>£ lhftm.mzi. ->x 
fc*flrt"*. ftot, ift^BJiffixtry - A/P7 

• xh7-f7'rt^ffi7';-«Fiay r ff2xe>' • a* 

)V7 ■ X Y 7 A 7 [*l<0ff 2 7 'J -JI F 2 i: LT *il<m 

[ 0 0 2 8 ] A-f rx«dl*>'ff 1 y 7 h A F MJg&tfff 
4y7 hAFMJfSrb'yi^-r^^CJi. ffiy7h 
AFMJf 58&t/ff4y7hAFMJ§6 6Mrt(^ 
ff2y7hAFM®60&t>'ff3y7hAFMl6 
4<9Mr tcOW.X 0Ztl?tl'b£<%&, SSfc, #77 40 

hAFMBli&O. 3-^jO. 5memu/cra ! «M 

rt^tLis. sec, 7y-»<ot-yjLy>JB£*«-|> 

MrtlbliWl. l~*no<^ffl|*li:U§l>. ffiy 
7 h A F M Jf 5 8 &U'ff 4 V 7 h A F M Jf 6 6 £ t* V it 

fcibfcHL tryiBfrt &#jf«0M r t t*ttl>+ 

0>M r t tmm-t #^SjS0"J«ff 1 V 7 b A F M 
« 5 8&tfff 4 y 7 h A F M M 6 6 li 4 m AtfVhS &A 

4Txm%.x°mnx'%&. 

[00 2 9] 119 (A) &t>'09 (B) Tii, ffl7'J 50 



^2 00 0-2 767 2 0 
1 8 

-m f i av» i wmrn p 1 ^e-fk^-rs a>t 7 

x*S*>flUfl£«B'C&4. 08 (A) (iffl7U-B 

f 1 *wnhwam<ny - xfcfti^-t* m 

171) — Jf F l «BMkl«Ml«t:ft**[ai ( ID*>, 
fc-fe? h&frcn*. 08 (A) ^-fidtc. A 

a Txvss&ismtkJW rxmwi. ff 1 7 y f 
1 wawbKSttiiss^rK^ffl^ff 1 7 u -jif 1 o 

fr%*)lK^$WHzbfcr>X3i-t&. Ztibltmz, 08 
( a ) iz^-fi. o fc. ;waM 77®#liff l 

® p i £8K&ft«te* . ff i 7 u -jbf i zmmmt 
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